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INSTITUTE GOALS:
The goals of the Social Science Research Institute are threefold:

- To provide an enviromment in which scientists may pursue their
own interests in some blend of basic and methodological re-
search in the investigation of major social problems.

* To provide an environment in which graduate students may receive
training in research theory, design and methodology through
active participation with senior researchers in ongoing research
projects.

* To disseminate information to relevant public and social agencies
in order to provide decision makers with the tools and ideas
necessary to the formulation of public social policy.

HISTORY:

The Social Science Research Institute, University of Southerm Californa,
was established in 1972, with a staff of six. In fiscal year 1978-79, it
had a staff of over 90 full- and part-time researchers and support person-
nel. SSRI draws upon most University academic Departments and Schools to
make up its research staff, e.g. Industrial and Systems Engineering, the
Law School, Psychology, Public Administration, Safety and Systems Manage-
ment, and others. Senior researchers have joint appointments and most
actively combine research with teaching.

FUNDING:

SSRI Reports directly to the Executive Vice President of USC. It is
provided with modest annual basic support for administration, operatioms,
and program development. The major sources of funding support are federal,
state, and local funding agencies and private foundations and organizatioms.

—- The list of sponsors has recently expanded to include governments outside
the United States. Total funding has increased from approximately 5150,000
in 1972 to almost $3,000,000 in the fiscal year 1978-1979.

RESEARCHR INTERESTS:

Each senior SSRI scientist is encouraged to pursue his or her own research
interests, subject to availability of funding. These interests are diverse;
a recent count identified 27. Four major interests persist among groups

of SSRI researchers: crime control and criminal justice, methods of dispute
resolution and alternmatives to the courts, use of administration records
for demographic and other research purposes, and exploitation of appli-
cations of decision amalysis to public decision making and program eval-
uation. But many SSRI projects do not fall into these categories. Most
projects combine the skills of several scientists, often from different

disciplines. As SSRI research personnel change, its interests will change
also.
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SUMMARY

Twenty-two credit officers from a major California lending
institution served as subjects in a criterion validation of
multiattribute utility elicitation techniques. The techniques
tested were the Holistic Orthogonal Parameter Estimation (HOPE)
technique (Barron and Person, 1978), Simple Multiattribute Rating
Technigque (SMART: Edwards, 1977), point distribution, and three
rank weighting techniques as discussed in Stillwell and Edwards,
1979. Equal weighting of importance dimensions was also investi-
gated. The criterion against which the judgments were compared
was the lending institutions own credit scoring model. This
model is based on statistical analysis of over 8,000 cases from
the bank records and is a "best fit" prediction model.

Results demonstrate that subjective judgments of importance
weighting show a high degree of agreement in application selection
and in total utility realized from that selection. Decomposition

techniques did somewhat better than holistic techniques.
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In*troduc*ion

Suppose +“hat you are a bank officer and mus- decide
vhether credi* should be granted “o a number of applicants.
¥i*h each credit application you receive da*a, for example,
about *the age and previous credit record of the applican-.
You have some -ules of “hamb about haow *hese da*ta relate *o
overall credi+vwor<hiness, but *“here is %00 much informa*ion
to integra*e intuyitively. How can you evalua*e notential
candida*es in *his si*ua*ion?

Yulti-a*tribute utili%y* measurement (MAUM) is *he name
of a class of models and measurement procedures developed to
aid decision makers in such complex decision problems. MAOM
evaluates op*tions separately on each of a list of value
relevant at+ribu*tes. These single attribute evaluarions are
*hen combined by a formal model, usually using judymen*al
veights.

In *he simples* case *the weighted single at<“ribute
evaluations are added to ob*tain an overall value of “he
alternative. Pormally, *his additive model can be expressed

as

* The models “ested in *this paper are, stric*ly speaking,
7alue aodels or riskless utility models. +We simply refer
*o tiskless utilities as uy*ili+ies.
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X ~ wvhere J(x(j)) is the total utility for meaber (j) of option

set x, ¥ (i) is the weight for attribute i, and u(i) is the

E@ single dimension atility function transforming the value of
ﬁg x on dimension i into utility scaling. The additive model
) requires that attributes be preferentially independent (see
}; Krantz, Luce, Suppes, and Tversky, 1971 . Less formally,
g” this means that the overall atility of an individmal

attribute is independent of other attribute values.

;"? A number of aethods have been proposed for determining
5% both the u{i) functions and the u(i) weights. For practical
b; purposes, these methods differ primarily in tvo ways:

;i strength of theoretical justification and ease of use.

~E Unfortunately, these two dimeasions conflict. At omne

fi (:} extrese are the highly complex, theoretically ispeccable

?: methods discussed by XKeeney and BRaiffa (1976) or Dyer and
ES Sarin (1979). Somewhere in the middle are the easier but
Kt theoretically aore problematic amethods of Edwards'®s SMART
Ti technique (1977). Still sismpler techniques can be based on
x& ranking information (Stillvell and Bdvards, 1979) or even
52 equal veighting (Dawes and Corrigan, 1978). These simple
:ﬁz techniques are defemsible only as approximations-—but that
?‘ vould be a highly persuasive defense if they led *o

?5 essentially the same results as sore coaplex and demanding
ﬁ& methods.

'E This paper focuses on a comparisom of weighting

5: aethods. Technical issues concerned with the u(i) can bde
Y ‘;/ equally important. But measures of u(i) have been less
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% rm controversial, since they are reasomably of*en simply

Ff . aonotone *ransformations on objective measures of i. 1In

:g particalar, the issue of central concern to this paper is

%; vhether or not complex and sophisticated methods of

" eliciting weights are vorth while, in *wo different seases.

5: Jltimately, a weighting method would be preferable *to

fﬁ another in spite of additiomnal 3ifficulty in its use only if

it did two things: changed the conclusion about what option

is preferable, or by how much, and did so in a manner that

}l
A .
9 made the conclusion more nearly correct.
n validity issues in NAD

{

The second of the two criteria mentioned above raises

the most perplexing problea of any MAU technique: validity.
(:) Values are inherently subjective. In shat sense, if any,

X can ome elicitation technique be said to be more valid than
o another?
" A familjar decisiom-analytic ansver is: nome. HNost
4 decision analysts apply the techmiques as though validity,
M
O at least of utilities, is assumed. Practicing decision
N
4 . s s
5, analysts, like other practitioners of climical skills, amust
& depend on user satisfaction as an important validating
; criterion. But if i* is the only one, it is difficult to
:ﬂ see how decision analysts are different froa other vell-
& trained and highly paid advisers who also give their clients
2 satisfaction.
ﬁ} Avare of the difficulty, researchers have tried various
A approaches to validating decision-analytic tools and ideas.
+
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A relatively +traditional approach has depended on comvergent
validation (Pollack, 196A8; Buber et. al, 1971; Fischer,
1971). This approach cosmpares overall atilities calculated
from a mplti-attribute utility model (or statistically
derived bootstrapping model) with holistic preference
responses. MAOR utilities for each alternative are usually
compared with holistic ratings over a set of alternatives or
sometizses with choices among alternmatives.

Other variations of the conwvergent approach compare
results of different models and techniques with ome another
or even of differemt subjects with ome another (see Fischer,
1977 for a more comsplete discussion of convergent validation
in MAUN). Besults of these and other studies of convergent
validity have typically found correlatioas betveen
decomposed and holistic respoases of .7 to .9, with most ia
the high .80s to low .90s. Advocates of the convergemnt
approach suggest that these results are ®quite encouraging®
{von Winterfeld+ and Fischer, 1975). sShepard (1964) , Hoepfl
and Huber (1970) , Edwards (1971) and others argue *hat NAUAM
procedures should not be validated using holistic respomses
as a criterion. Holistic responses msay include substantial
random error. (See Shepard, 7963; Slovic and Lichtenstein,
1971) . Indeed, as Slovic, Pischhaff, and Lichtenstein
(1977) point out, a decomposed judgment procedure that did
capture the random as well as systematic coamponen+*s of
holistic preferences would be indefensible as an improvement

over the holistic procedure. Holistic responses may also
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suffer froam systematic bias. Responses may represen<
siaplifying strategies of the decision maker. A more
general argument also applies. If the goal of NAOD
procedures is to reproduce holistic judgments, they are a
vaste of time, since halistic judgments are usually easier
to elicit.

The preceding paragraph is encouraging to defenders of
MAO. Too high a correlation with holistic procedures would
call the complexity of BAU procedures into question as
unnecessary; too low a correlation would lead one to wonder
vhether the JAU procedures were in fact capturing the
relevant values. Correlations in the .7 to .9 region are
just about right for escaping both complaints.

Yarious procedures can be tsed to check vhether the
judgsents that enter into a HAT elicitatiom coaform to
axioas of "reasonable behavior®. Keemey and Raiffa (1976)
spell out procedures for such tests, and Tversky (1967), vom
Winterfeldt (1971) and Pischer (1975) have studied
conformity *o wvarious axioms experimentally. Such studies
are usually not relevant ta validi+y as here conceived.
They test “he appropriateness of specific axioms; if those
axioas are inappropriate, the practicing decision analyst
would face the viable optioms of ignoring the

inappropriateness and treating the result as a good

approximation (of*en an ex*resmely useful and appropriate
strategy) or of using other elicitation methods that 4o not

depend on *he violated axiom. Decision analy*ic elicitation

T A e e e e Sl S e S Nt e sl
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PAGE 6
procedures exist in bewildering variety; failure of just
about any axiom except the most fundamental ones (e.g.
transitivity) can be circumvented.

While judgments that are consistent and orderly provide
theoretical and practical justification of the MAUM model,
no study of them cam provide empirical demonstration of
BAUN's ability to produce good decisioms. A *third approach
to the validation problea therefore lies im finding an
external criterion of correctness against which to validate
value judgments. In the first such study, Yntema and
Torgersom (1961) tangﬁt sebjects the relationship between
various cues and an arbhitrary worth criterion. Then, using
a number of different assessment procedures, they elicited
the subjects* knouiedgn~o£ the relatiomships. Since the
experisenters had a priori defined the true relatiomships
they could directly coampare the subjects judgments with the
results produced by the defined model.

The experimental procedure is essentially equivalen* *to
the Brunswickian lens model paradiga (Brunswick, 1952;
Hammond, 1966; Slovic and Lichtenstein, 1977) and its
derivative, “he Nultiple Cue Probability Learning (MCPL)
paradiga (Hammond, 1966; Slovic and Lichtenstein, 1971). 1In
a MCPL study “he subject is taught the relationship between
individoal cues and a criterion variable. Por exasple, a
subject could be taught a hypothetical relationship between
the size, wveight and speed of a football player and his

overall abili+y. The relationship can and has been taught
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by presenting feedback about the true model outcome
(Schmitt, 1978), the true ratio of importance weights
(Brehmer and Qvarastrom, 1976), amd/or validity coeffients
themselves (Schaitt, Coyle, and Saari, 1977).

- Although extensively used to examine-subjective versus
objective weighting techniques im the prediction context the
BCPL paradigm has only recently come into use as a MAON
validation procedure (John and Bdwards, 1978b; Johm, Collins
and Bdwards, 1980). In an experimental task in which
subjects wvere asked to evaluate the dollar value of diamomds
described on the four characteristics cut, color, carat, and
clarity, subjects vere taught an arbitrarily defined value
sodel. As in the experisment discussed by Yntema and
Torgerson (1961), various techniques vere then used o
elicit veight judgments. tﬁe Bodel used to generate the
training stisuli was thus a criterion agaiast which to test
the resulting judgments.

The results of this research argue for the use of NAON
techniques. In a recent reviev of importance weight
assessment research, John and Edvards (1978a) conclude:

"...the weighting literature reviesed,
and particunlarly the recemt criterion
validation work, suggests that the
concept of attribute importance is a
psychologically meaningful one. Por

many of the laboratory and field

settings studied, subjects gave
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- responses to direct subjective

assessuents of importance veights that

vere both consistent (high comnvergent

validity) and accurate (high criterionm

validity)."™
Thus, at least in this highly contrived laboratory
situation, subjects seem gquite able to learn the
relationships of individual cues to outcose variables and
express these relationships in a meaningful, quantitative
vay. In addition, the work of John aand Rdwards (1978b) and
John, Collins and Edwvards ({1980) provides direct evideance
for subjects' ability to report what they have learned usinag
standard NAU® techniques.

A clear picture emerges froam the theoretical
iavestigation of weighting judgment. Subjects in laboratory
Settings are able to both learn weighting functioas and
express thea in response to NAUR elicitation techmiques.

But gquestions resain about whether decision sakers in a real
vorld setting perfora equally well. In only a fev cases has
a real world criterion been used to evaluate the
deconposition idea. Pischer (1977) discusses a study by
Lathrop and Peters (1969) based om course evaluations for
fourteen introductory Psychology courses. Students in “hose
classes gave ratings of a number of individual factors for

o~ each course and an overall course evaluation rating. The

i
;QL ratings vere averaged aand the averages treated as objective
£ 4

\u/ value 3easures. Students who were not enrolled in these
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courses either wvere given +he average score of a class on
each attribute and asked to judge the average overall rating
tholistic judgment) or were simply asked to assign weights
to each of the individual attributes (decosposed judgment).
This stady foand that across a number of comnditions,
decoaposed models afforded better prediction than did the
intuitive judgments despite the fact that the subiective
veights wvere decidedly non-optimal compared to weights
derived froa multiple regression.

A second study, performed by Bils aad John (1980),
again used college students as subjects. Groups of college
student subjects vere to evaluate potential credit
applicants, described om 10 disensions. The criteriomn was a
statistically based credit sodel obtained froam a local bank.
The experimenters foumd that the SHART decomposition
procedure (Bdwards, 1977) significantly imsproved the ability
of groups to produce judgments corresponding to the bank
sodel criteria over holistic judgments.,

The results of both studies support the decomposition
approach. They are steps in the right direction. But the
subjects vere inexpert, the studies did not compare
alternative veight elicitation techniques, and the only
conclusion to which they can lead is that one decomposition
procedure works better than an alternative based om holistic
judgments.

This study sets out to remedy as many of these defects

as possible. It uses highly expert subjects, perforaming a

—— e —— e e e em e e e e et A e s — i e e m i en o s
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D
ﬁ\ - task that they must perfora every vork day, and for wvhich
Y ~
& they are extensively traimed. It uses a criteriom that is
By both valid and realistic, in the sense that the procedures
- used to derive it ensure its validity, that decisions are
R § based on it, and that the sSubjects are extensively trained
1‘: on it and experienced in its use. The entire decision task
;*: is as realistic as an experiment peraits; stimuli and issues
oy

i bearing on the decisions are the same as in normal daily

o decision-making.

X

N Zxper*ise and the 3ank Hodel Criteriom

.Y

%ost financial institutions use sose statistical sodel
r .

. to facilitate credit granting decisioas for high volume,

:Ef: relatively low dollar amount loans, including decisioas to
C) give credit cards to would-be users. Nany legal coastraints
K limit the information the lending imstitution may use.

L ¥

* Within these constraints, the credit scoring models use both
o

¢ readily available numbers and less structured inputs as

)

O predictors. Por example descriptive attributes of credit
A

- applicants aight include age, sex, credi® history or even

3 appearence.

) One class of credit scoring model comes froa applying

b ,, discrisinant analysis to good amd bad accounts. Detailed

P definitions of "good®™ and "bad™ vary from bank to bank; “hey
P

depend on repayment history. Discriminant analysis finds

2‘: *he linear prediction equation that maximizes some

Y

s difference measure between good amd bad accounts, using

‘ - weights on the available predictors.
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’wk rr Such a discriainant model was used as the criteriom in

2R

&
o)
)

-
-
-

“his study. I*s constructioa started with the collection of

a sample of 3000 good and 3000 bad accounts, stratified by

%

N population and area. The amalysis then determined which

g applicant attributes best discriminated betveen the jood and
?’ bad accounts for this sasple. It used the 7 best predic*tors
ég% in a perceantage—-of-variance-accounted-for semse. Table 1

R shoss the normalized veights for the bank model, ordered by
A rank. In addition, Table 1 shows the veight sets for raank
g{; sam, rank reciprocal and equal weights, weight approximation
2$¥ technigues to be discussed later.

-Ei. The model thus derived was comverted into am additive
;gi point scoring system for use by the bank officers as a

fﬁ? (:) decision aid. Bach level of each attribute contributes

o points to a sum representing the creditworthiness of an

:E; applicant. Any point sum can be coaverted directly imto a
{Zi probability of default for that applicant.

%?n Bank officers' experience with this point scoring

F:: systes comes in several forms. Pirst, the officers are

W given explicit model informmtiom. That is, they are told
T the exact relationship betveen the attribute levels and the
5ﬁj overall credit score. In additiom, they are explicitly

Vo trained in the relatiomship between attribate levels and the
9y probability of default as determined froam the sample data.
;:é Bank officers also receive what is essemtially outcome
}ﬁ' _ feedback from direct use of the model. As an application

ﬁi \ comes to the officer, that officer will firs* de*termine the

LRt R
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e Table 1. Weight sets from normalized bank model
- and simplified technigues.

h%' Dimension Bank Rank Rank
,h Rank Model Sum Reciprocal Equal

1 .319 .250  .386 .143
.; 2 .213 .214 .193 .143
g 3 .106 .179  .129 .143
4 .106 .143  .096 .143
o 5 .106 .107 .077 .143
N 6 .085 .071  .064 .143

7 .064 .036 .055 -143
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7 overall credit score for the applicant based on information
) presented on the application. The officer then makes a

) :‘. credit decision for that applicant. The granting officer's
-j‘:"j name is then appended to the application and saubsequent

: credit record. Tallies are kept over all applicatioms

N approved by a given officer aand an oangoing record is
:? presented to that officer periodically. 1Im additiomn, each
5\: time an account turns fros good to bad the graanrting officer
s.. is given the entire credit file for review. Finally, the
":3 officers are given a monthly report in which the number of
\': acceptances aad rejections are broken down by credit score.
There is, therefore, sose pressure on the officer to avoid
§ the simple strategy, ie. grant credit to omly those
b " O applicants about whom there is relative certainty. It is
; : interesting to note that bank records shos that this bank
:_: ertends credit to approximately %9% of its applicants.
3. The bank officers' experience with the model, in each
‘, of the forms discussed above, is extemsive. During any
EE given veeks' vork am officer will make fros 10 %o over 1000
i‘_ credit decisions to vhich the model is directly relevant.
‘( In addition, *raining in the use of the model and its
:':- relation to creditworthiness and probability of default is
o
VT initially extensive and continues throughout the career of
o the officer.
v
;Z‘E The bank has a cut-off credit score at or above which
E') i extension of credit is recommended, below which “he bank
j - tecoamends that the application be rejected. This cut-off
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* score £luctua*es periodically in respoamse *o *“he
availability of aoney “o *Le bank amd *he bank's financial

K condition. We must stress “ha*® this score is a

Wy cecommenda*ion only. The individual credi¢ granting officer
has -a grea* dcal of personal lati*ade for overridinyg <he

B aodel recommenda*ion. Of course, the amoun* and *ype of

lati*ude is based on “he record, posi“ion, and experience of

*+he officer. Scme officers may override the model with a

simple signa*ure, others must include an explana*ion while

y

~
s still others must convince another officer.

’ deight Slicitation Procedures

v - -

4,
£ Bank Feigh+ting Procedures

- Three different weight elicitation procedures vere
)
tested that use some aspec: of the rank ordering of value

-f dimensions “o arrive a* dimension weights. Two of *he three
- require that the subjec* provide omly the rank ordering of
’ importance dimensions while the *third requires *he
"
m additional information of *he weight assigned by *he subjec*
o
s *o0 the dimension considerad nos*t impor+tan*. Each of “hese
o

o “echniques is discussed in detail in s*illwell and Edwards
e

)y (1979) .
.: The fi-s+ rapk weighting procedure, called Rank Sum

o

: (RS) weigh*tinj is arrived at via *he following formulaz
i

y [V - R (i) + 1]

W5 =
B W(i) 7
2O [N - R(F) +1]

> J= 1

'
R

<

)
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vhece W (i) is *te nornalized weigh* for dimension (i), V is
“he number of 'iazensions, and R(i) is “he rank position of
dimension (i). This rank veighting prccedure is coammon in
*he weigh-ing literature. Dimensions are siamply given
veight equivalen* %o *the normalized inverse canking of *heir
place among o+ther dimensions. Por example, for a three
dimension case *he dimension ranked first would be jJiven a
veight of 3/ (3+2+1)=.5.

Rank Reciprocal (RR) veights are derived from <he
normalized reciprocals of the dimension rank. They are

defined by the following formula:

1/R(i)

() = —
(LR
j=1

vhere again W (i) is the normalized weigh* for dimension (i),
2(i) is *he rank of dimension (i) and % is the number of
disensions. For *hree dimensions “he RR veigh®t for “he
first dizension would be (1/V)/(1/1+1/2+1,/3)=_55.

The *hird rank weigh*ing procedure, Rank Exponen* (RE)
veights, requires one addi*ional piece of informa*ion. The
resptondent judges the weigh%t of “he most impor*ant attribu+te

on *“he usual 0-1 scale. O0O*%her veights are compu*ed by:

2
N

z
ZOIN - R(3) + 1]
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vhere z is an exponent; the larger z is, the steeper the set
of weights becomes. z=1 defines rank sus veights; z=0
defines equal veights. The other variables are the same as
in equations (1) and {2). The respoadent’'s judgment of W (1)
per;its solution of the equatiom for Z, and given Z, the
rest of the weights cam be calculated. (See Stillvell and
Rdwards, 1979 for details).

Instructions for the rank ordering procedure asked
respondents to put the attributes in order from most to
least impor*ant in determining credit score. The point vas
stressed that attributes equal in importasce should be
indicated. The respondents were next asked to consider omly
the attribute they ranked first. They were to provide the
proportion of the total veight that they would assign to
that attribute.

Ratio Weighting

Three weight elicitatiom procedmres result in weight
sets said to have ratio properties. The first of these, the
Simple Multi-Attribute Rating Technique (SNMART) (BEdwards,
1977) requires that the subjects first rank order the
impor+ance or value dimemsions, then assign an actbhi*rary
value of 10 to the dimension ranked last. Weights are “hen
assigned to the other dimensions in ascending order,
relative *o the anchor veight on the lovest dimension,
maintaining iaportance ratios between dimensions. Por
example, if the respondent considers the most important

disension 15 times as importan* as the least important one,

.......... e ettt
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PAGE 17
he or she should assign a weight of 150. The least
importan+ dimension is +hen disgarded, the second least
important dimension given the value 10, and the ratio
procedure repeated. At this point the respondent is asked
to reconcile any incouasistencies. The SMART procedure
followed the judgment of the weight to the m0st important
dimension.

A second ratio veight elicitation procedure exaained is
called Holistic Or*thogonal Parasetaer Estimatioun (HQPE},
outlined in Barrom and Person (1979). Essentially a
Bootstrapping procedure (Slovic and Lichtemnstein, 1971;
Daves, 19783), HOPE utilizes a fractiomalized Analysis of
Yariance (ARROVA) design to derive weights and location
measures for categorical or categaorized coatinuous
variables. Subjects make a number of holistic judgments of
decision alternatives deterained by the design regquiresents.
These ‘udgments are analyzed via the ANOVA procedure vhereby
differences between marginal means are used as estimates of
veights and location measures. Por the purposes of this
study, the HOPE procedure was constrained to an additive
model. In order *o conserve the respondents' “ime we were
forced to provide an abbreviated HOPE design. All
applications shosn respoadents included a single level of
the attribunte that had lowest wveight in the bank model.

This attribute could therefore not be evalnated since it had
no variapce. In additiom, a single level was left out for

twvo other attributes. Even with *his shortened foraat

PN
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o

o judgments of 25 applications vere required of each

.wﬁ respondent in a fractional design (Winer, 1971).

~“j The holistic judgments required by the HOPE procedure
~§< vere interspersed hetween each of the other sets of

g& judgments. For each of the HOPE judgments respondents vere
%:; preéented wvith a single page on vwhich appeared the attribute
; E categories describing that application. A space was

et provided in which the subject was to give his or her

xS judgment of the credit score for that applicant. We

:j5 stressed to the officers that they were not to simply add up
,33 the scores for the individual attributes but instead give a
{f judgment of the overall credit score.

igij In the final waight elicitation procedure subjects were
\ O asked to distribate 100 points over the value dimensions so
04 as to reflect their feeling about the relative iaportance of
i% value dimensions to total value (Hoffman, 1960). Joha and
;ﬁ Bdwards (1978a) suggest that this procedure leads subjects
:i to attend to the differences between numbers of points given
:ﬁg a pair of dimensions rather than the ratios. Although no
_{:E empirical test of +his suggestion has been made, if it is in
: fact true, the resulting veights could, at best, be treated
s ; as interval level information. The point distribution

3FE procedure followed the final set of HOPE judgments.

= 2gual Feights

;3 In addition to the six weight elicitatiom techniques

&é discussed above, equal veighting of importance dimensions

?S N vas tested. Both experimental (Dawes and Corrigan, 1978)
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s and theoretical (Wainer, 1976; 1978) vork have provided

X evidence and rationale for the effort saving device of

siaply adding the normalized single dimension utilities.
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\,}

7*?1 Ve Method

: R sabiects

h Subjects for the experiment were 22 officers from a

'E major California bank. All respondents were familiar with

}E the bank credit model used as criteriom for their judgments

- and vere experienced with making credit decisions as part of

\f_ their normal job routine. BRespondents ranged from 3 *to 27

E years (mean = 10.0) experience with credit lending
institutions and from T to 27 years (mean=6§.6) with *their

-3 current esployer.

:E: Procedure

Bach respondent wvas run in a single experiamental

%E session. These sessions ranged in length from 315 to 95

:: O sinates. Pach respondent vorked individually wvith an

N experizentor. All experimenters had decision ana.lytic.

?_ training and experience.

) Bach respondent used a response booklet containing the

:E total set of judgments required for all elicitation

'}' techniques. The order of presentation of weight elicitation

'.: procedures and location measure elicitation was partially

;.‘ deterained by the nature of the informatiom required.

":3 Location measure judgments vere elicited before amny of the

‘, veight elicitations were made so that respondents vere aware

E“é of the ranges of the relevant attributes. Rank order weight

E: _ elicitation judgments were nade before ratio weight

B ./ elicitations since SNMART requires the rank order as iaput.
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The order of presentation was thus:
-General instructioms
-Respondent individual inforamation
-Location measure judgments
-Ranking of attribute importance
-W¥eight of the most important attribute
=SHART judgments
-Point distributionm
-The 25 holistic judgments required for HOPE
vere interspersed in a random aorder for
each respondent, between other procedures.

Instruétions-strassed that we vere trying to capture
respaondents* expertise in their judgments. They were told
that they would make judgments both about individual
applicants and about descriptive attribates of applicants
for credit. Ve also asked subjects for gemeral background
information, (age, sex, etc.) and specific information abhout
their credit granting experience (for example, years with
this bank, number of credit models with which they have
wvorked).

Respondents were next presented with a list of
locations on or values of each attribute. They vere asked
to select the worst value of an attribute, assigan a utility
of 0, and then select the best valaoe of the at+ribute and
assign it a utility of 100. Respondents thea placed the
rast of the attribute values on this 0-100 scale relative %o

the endpoints. This procedure constituted the location




PAGE 22
measure elicitation. Pinally, respondents made veight
elicitation judgments as discussed earlier.

Respondents cospleted the judgments necessary for each
procedure before going om to the next. BRespondents vere
asked not to refer back to previous judgments or change any
of those judgments. All elicitatioans vere done
interactively until the experimenter was confident that the
subject anderstood the procedure. Questions were allowed at
any time during the experizental sessiom and subjects vere
encouraged to express any coanfusion or aisunderstamding.

Qur hope vas to exasine the proceduares in a form as near as
possible to that in which they would be found in a real

world application of that techaique.
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Results

The data analysis for this experiment is in twvo parts.
Pirst, we directly compared the norsalized veight sets that
resulted fros respondents' judgments. <Two sach comparisons
vere made. Table 2 shows the true weight and the nmean,
median, and standard deviatiom, across responden*s, of
veights froa each attribute by each elicitationm technique.
Attributes are numbered in order of true weight. Looking
across attributes several things become evident. In each of
the self-explicated weighting techmniques, both median and
2ean responses shou that respondents felt attribute 2 to be
more important thas attribute 1. But the veights derived
fros the holistic judgments of BOPE suggest that when
actually making judgments of credit score respondents
correctly idemtify attribute T as more important. A second
finding is tha® SMART and rank expoment weighting result in
more peaked weight sets as evidenced by the larger ratios
between the highest and lovest weighted attributes. HOPR
cannot be so evaluated. PFor HOPE, the lowest veighted
attribute was not included in the design and thas, this
ratio has no meaning. Pinally, the results suggest that
although anmalysis of holistic responses correctly identified
the most important attribute, the rest of the attributes are
very close in mean and medianm veight. On the other hand,
the self-explicated techniques correctly produced weights .
for the first tvo attributes that are much higher than for

the at*ributes ranked third thru seventh.
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In order to analyze mare closely the quality of weight
judgments a second comparisom of the weights resulting fros
the different elicitationm techniques wvas performed. Ve
examined Cusulative Prequency Distribations (CFD) of the
absalute values of the differences between the true veights
and those resulting from each elicitation procedure and
approximation technique. This analysis was across both
sub jects and dimensions. Por this analysis ve define
dominance in a CPD as: CPD A dominates CPD B if and only if
for any value of absolute differeace the cumulative
frequeacy for A is greater tham or equal to the cumulative
frequency for B.

Only a few distridbutions showx dominance over the entire
range of values. The difference distribution of rank sum
veights dominates those of rank expoment, SHART, and equal
wveights. HOP® dominates rank exponent and equal veights and
point distribution dominates equal weights. In *erms of the
average absolute deviatiom the ordering of techniques is
rank sam (89.5), poinmt distribution (51.2), HOPE® (S52.4},
rank reciprocal (56.3), SHMART (69.9), BEqual weights (70.7),
and rank exponent {79.6).

The second part of our analysis addresses the practical
significance of the differences found in weight judgments.
Ve lcoked at the same type of decisioas the bank officers
make in the performance of their job. Por this purpose ve
used a sample of 200 real applications for credit at the

bank. These applications vere chosen to be representative
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r of the general population Of applications that an officer is

v
)
i
]

i)
02
»

Y]

likely to see in his or her usual job performance. Figure ?
displays the distribution of true utilities of these 200
applications as calculated froa the bask model. I* is
apparent that the distributior of true utilities (rescaled
from 0 to 100) is skewed slightly to the left. The mean of
the distribution is 66.3. A valae of 68.1 is the decision
point equal to or above which credit is given as outlined by
bank rules.
Substantial negative correlationms between attribates in
a sulti-attributed context cam lead to weight sensitivity
and, in the presence of suboptimal weights, poor selection
ordering (Stillwvell and RBdvards, 1979; Neuman, 1977; Hewsan,
O Seaver and Edwards, 1976; NcClelland, 1978). Table 3 shows
the correlations between dimensions for the 200 sample
applications. No correlatiom is meaningfully negative.
This fact guaraatees that all weighting procedures,
incloding egqual weights, will do reasomably well. One
handicap of the quest for realisa in stiauli, criteria, and

respondents is that wve aust take the stimuli ve can get, and

cannot design into them properties that would increase the
strength of the experimental design. Even if we could have
designed negative correlation into the applicant set, ve
vould have hesitated to do so. The resulting applicant set
vould inevitably have seemed very strange indeed to the
respondents.

- In order to compare elicitation procedures, values of
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N Table 3. Interdimensional corraelations:
AN 200 sample apblications.

w o1 D2 D3 D4 DS D6
= D2 .047

23 .219  .158

D4  .209  .008  .407

DS .197  .389  .367  .373

X D6  .044 .255 .323 .333 .344

o D7 .133 .126 .022 -,006 .148 .085
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r overall utili+y vere calculated for each of the 200
N applications using the bank model and each of the veigh*
sets from the different elicitatiom procedures and location
measure sets. Por each subject the utilities derived from
the bank aodel were then correlated with those calculated
froa each of the weight elicitation procedure-location
measure combinations. These correlations were them averaged
across subjects. The results of this analysis are showa in
Table 4. PFor example, the average correlation, across 22
subjects, betveen overall utilities calculated from the bank
sodel and those from the SHART weight elicitation procedure
and judgmsental locatiom measures is .381.

The bank credit scoring sodel led to the selection of
98 of the 200 applications for credit. In addi*ion to *he
correlations, Table 3 showsS the average nuamber out of those
98 that would have been chosen by each of the other
techniques. Por instance, using HOPR weights and HOPER
location measures, an average across subjects of 77.8 of the
correct 98 would have been granted credit. Assuming that 98
applicants were to be extended credit this also means, of
course, that am average of 20.2 applications would have been
given credit by the HOPE® procedure that would not have been
given credit by the bank model.

The last column of Table & shows the proportion of
total utility, as calculated by the bank aodel, that would
have been realized frow selections resulting from e@ach set-

location measure coambination. Again this assumes that 98




Tabple 4. Zorrelation, zsorrec+t aumber selected, and total utility
somparisons bhetween 2ach weight orocedure-location
measure zombination and the bank model.

Average
# of apps.

Propcr+
_..—-lv
util.=«
—————mee——

in top 98 as Capture

selected bv Max (98)
Weight tech. Location meas. set Avg. corr. bank model Min (98)
HOPE ] HOPE .730* 77.8* .383%*
SMART Judgmental .881 85.3 .953
Rank Sum Judgmental .934 87.7 -
Rank Recip. Judgmental .887 83.9 .S
Rank Exponent Judgmental .860 82.6 .9
Dist. 100 Pts. Judgmental .921 86.5 . S
Equal Judgmental ' .926 86.0 .98
SMART Bank model .923 88.8 .8
Rank Sum Bank model .964 91.2 . 9%
Rank Recip. Bank model .927 88.5 .97
Rank Exponent Bank model .907 86.8 .97 L
Dist. 100 Pts. Bank model .959 90.6 .9
Zqual Bank model .938 86.0 .30

*2ne subject is not included in this average.

measures zcould be zalculated.

Due to inappropriate
responses <to the holistic judgments no HOPE weights or location
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Jere to he granted credit. This number is scaled such that
1.0 is +he total utility of the best 98 applications as
determined by the bank model and 0.0 is the *otal utili*y of
the lowest 98. Por exaample, if the decision maker had used
rank reciprocal veights and the bank model locatiom
measures, the 98 selections, averaged across subjects, woald
have resglted in 97% of the total possible untility being
realized.

The findings expressed in Table % are relatively
consistent across the three analyses so we vill discuss thenm
together. Pirst, and by far most iaportant, is the fact
that all procedures do resarkably well. Except for the HOPE
procedure, all average correlations are above .86, more than
82.6 out of 98 applications were selected correctly for each
veight set-location measure combination, and a ainimua of
93.5% of the total possihle utility was realized. Given
that all *echniques perfors near the maximum, it is
virtunally impossible to differemtiate between them on *he
basis of aggregate performamce indices. Still, some
qualified statements can be made. There is sose indication
of sensitivity to error im location measure judgments. We
found that approximately 30% of dimensions had nom-
monotonicities for the judgmental location measures leading
to an average drop in correlation froam the bank model
location aeasures of .035. A drop of 3.25 was found in *he
nuaber of applications correctly identified as worthy of

credit leading to a drop of 2% in the *otal utility
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:‘i rr captured. The HOPE procedure resulted in very good wvweight
%@I | judgments but suffered most froam poor location seasure

‘.7 placement. Over 78% of HOPE dimensions had non-somotonic
2 category placement.

gﬁ; A second interesting finding is the gquality of the

il perforaance of equal veighting of importance dimemsions. 1In
iﬁﬁ agreement with the theoretical findings of Wainer (1976;

;gﬁ 1978) and Binhorn and Hogarth {(197S) we found *hat simple

equal weighting of importance disensions provided a

o

X g Xk ]

Temarkably good approximation to the weighting of the true
bank model. |
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Discussion
Exper+t subjects used several vell knovwn msulti-a%tribute

utility veight elicitation techsiques. The purpose of *this

T3 IIASASL R
) :

experiment was to find out how well each of these assessment

el

1
L X

techniques replicated the results of a criterion model
developed in the environment of subjects' expertise. Both
the normalized wveights and the decisions produced by the
veights were used for the comparison.

The ase of judgmental decomposition methods *o assess
nulti-attribute utilities for credit applicants in this
study led to the same high quality of decisions found in
previous studies (Lathrop and Peters, 1969; John and
Bdwards, 1979; John, Collins and Bdwards, 1980). Although
there seem to be differences in the quality of the weights
thesselves fros one technigque to another, these differences
d0 not pass along to the resulting decisions. There vas
very little difference between the elicitation procedures in
the qualitry of these decisions and, in fact, simple equal

veighting of attributes performed extremely well.

The results of a holistic, bootstrapping procedure vere
generally poorer. These results conflict vith previous
studies of this technique (Barrom aand Person, 1979; John,
Collins and Edwards, 1980) as vell as more general vork on
holistic judgment (see, for example, Pischer, 1977: Dawes
and Corrigan, 1974). The reasons for this poorer

perforaance are not altogether clear, but i*t seeas likely

|\ that changes froca the experts®' normal judgment situation
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dictated by time and technigue constraints led to a%t least a
part of this decrement.

When making credit decisions in the performance of
their duties, the experts generally make a simple
dichotomous decision, ie. credit-no credit. only those
decisions very near the cut-off score require serious
consideration in this type of judgment. Those much higher
or lower need only cursory examination before the decision
becoses obvious. The HOPE procedure relies om judgsents
across the range of wvalue onm all attributes such that many
of the holistic judgments required wvere some distance froa
the cut-off sScore. The experts are not experienced at close
consideration of these judgments and poor judgments of these
extreme values could account for our resalts.

All procedures other than HOPE produced decisions of
such high quality that, so far as these data can guide us,
+he appropriate basis for weighting judgments is ease of
use. We do not argue for the gemerality of this coamnclusion-
especially as it might be applied to negatively correlated
values.

The major differemce found between the self-explicated
weighting procedures and the holistic procedure needs
further investigation. The difference may be due %o the
task environment. Knomledge of the model is made available
to the exper“*s, knovledge very similar to that required by
the decomposition procedures, while their "holistic

expertise™ was limited to categorical judgments (accept,
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43':' e reject). Unfortunately, 20 of the 25 cases used *o elicit
gs?: ) *he holistic judgments vere easily classified as "reject".

. This may have seversly affected the accuracy of the required
’_".A holistic rating judgment.
:ﬁz _ Another reason for this finding may lie in the

J:“». attributes *hemselves. Attribute 1, the most iaportant
E\ predictor, includes historical information, vhile attribute
,\& 2 is purely a measure of immediate situation. In decomposed
“' judgments, the respondents may have given most veight to the
." obviously important attribute that best describes the

::)3 current state of the applicant, while in holistic judgments
:',’ they may have assumed that relevant history incorporates

:’.E:; situational information. (ve regret that the requirement to
E.:_E O Xeep the ;ttributes confidential precludes a more detailed
B discussion of the point.)

.‘ It is important to note the similarity of our results
}-:3 with those of the NCPL study discussed earlier. John,

'J' Collins and EBdwards (1980) found high couvergence between a
"‘ nuaber of subject weight elicitation techniques and the

i?.é ctiterion, as was found in this study. The iaplication for
A future work is obvious. We can, with confidence, extend the
-:.EE MCPL studies to investigation of real wvorld situations where
"5 no criterion exists.

'?‘ Pinally, a note of caution must be introduced. As
discussed earlier, the nature of the applications seen by
i-tifi . the bank officers, where all attributes were positively

(2 related, makes this an insensitive sitamation for *he
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comparison of amulti-attribute utility elicitation
“echniques. We cannot be certain whether in another, more
sensitive decision situation strong differences would have
been found. In addition, we cannot estimate the ubiquity of
this insensitive situatiom for decision makers. Our results
merely show that in a single real world decision situation
experts are able to produce quality decisions using a nuamber
of decomposition procedures. Our findings do not make
meaningful semsitivity analyses for important decision

problems unnecessary or irrelevant.
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